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GUMk HAT BURSTS: 

A Review of Recent Hlgh-Precleion HBaeurenente 
INTRODUCTION 


Obeervetlone of genna ray borate have proceeded quite recently from 
accidental detection and clrcunatantlal survey to detailed study with 
dedicated Instrunents. It Is a pleasure to report here on the variety of 
recent aeasurenents anl discoveries chat contribute to a nuch richer picture 
of gdmna ray transients than was available even tkonths ago* Many of these 
neasureaents ere genuinely high precision in character: precise In spatial » 

In temporal, and In spectral definition. They Include perhaps seven or eight 
entirely unanticipated discoveries and developments, as well as certain other 
'mprovements in the studies of the properties of gamma ray bursts. The 
results all have in common consistency with neutron stars as the origin 
objects for gamma ray transients. However, a variety of origin mechanisms may 
be required in order to account for the diversity of observed transient 
characters, perhaps as dissimilar mutually as they are dissimilar In turn to 
the X-ray burst classes. The scope of this review gives me the opportunity to 
outline these results, but with treatments that. In my opinion, must he more 
brief than deserved. The rich overall potential of this new field of gamma 
ray transients reminds us that In astrophysics, as In other domains. 


Information flow Is maximized when change takes place 
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EARLY OBVELOFHBMTS IN GAHHA RAT TRANSIENTS 

The historical development of gamma ray transient studies — from the 
discovery of gamma ray bursts^ until the period of recent development, 
beginning In late 1978’->has been thoroughly reviewed^ and will not be treated 
In detail here* It Is sufficient to list the general properties of gamma ray 
bursts, as accumulated at that time, as follows: 

Intensity: ~ 10“® to lO"^ erg cm“^ per event; 

Occurrence Rate: ~ 10/year, totalling ~ 100 prior to 1979; 

Typical Energy: > 100 keV as ustud detection threshold; 

Energy Spectra: ~ ‘‘1 Index photon power law at < 100 keV 

and 2.5 at > 400 keV; 

Time Scale: ~ 0.1 to 30 second durations; 

Time Structure: aperiodic, with fractional set. variations; 

Sources: No candidate source objects definable; 

Source Directions: Poorly defined but isotropic In pattern; 

Source Associations: No known X-ray emitters with consistent 

Identifications; and 

Size Spectrum: Power law of - 1.5 Index for > 3 10“® erg cm"^ 

with upper limits claimed below extrapolation 
of that rate for > 10"^ erg cm"^* 

The observational phenomenolc^gy of several years ago centered on the 
great energy flux of gamma ray bursts, on the rarity of event occurrence and 
on the lack of correlations to celestial effects observed In other spectral 
regions— In the radio, visible, or even lower energy X-i.ay or higher energy 
gamma ray domains. The most restrictive source location Inferences of the 
late 1970s came from the paucity of small-event observations using large 
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balloon-bortn detectors* As reviewed bf Sitrley^t s vsrlety of sesrehes for 
week events (thst sb>uld occur st rstes of oeversl per dsy, given an extension 
of the Index power lew evidenced In the satellite observations of strong 
events) yielded upper Halts rather than the detection of s population of 
small events* These results imply s source region distribution of finite 
extent, presumably a galactic one* If so, reasonable galactic distance scale 
could be inferred to provide an absolute source strength calibration^ >'^*^* 
Although these results, consist ttr with ~ 100 to 200 pc source distances, 
agree with the interstellar model that was expected, it is fair to note that 
they are based on an absence of small event observation, rather than on the 
presence of, e*g., an observed galactic disk anisotropy* This observation nay 
not be possible until the extended flight, in the southern hemisphere or in 
space, of a somewhat more sensitive detector system, such as will be onboard 
the Gamma Ray Observatory^. 

TWo early developments that occurred before the recent period of high- 
resolution gamma ray burst observations were the detections of other kinds of 
transient phenomena in the same energy domain* These discoveries wera made 
using high-resolution gamma ray spectrometers incorporating intrinsic 
germanium sensors. They are significant in that they both point to neutron 
stars as their sources, while pre-dating the observations of gamma ray burst 
spectral features which point to their neutron star source compatibility* 
First, a weak and narrow 400 keV line feature was observed for some hours in a 
1976 study with a balloon-borne spectrometer, having a source direction 
consistent with that of the Crab nebula^. This effect was not observed with a 
similar balloon exposure on another occasion^ and is thereby consistent with a 
transient effect; also, its detection has not been repeated since* At face 
value, however, the inference can be made of the existence of a positron- 
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«l«etroB 11m rodahlft«d from Sll keV Iqr an amount eoMlatant with tha tmrfaca 
gravity of a Matron star (that Itself could be tha prime object within the 
Crab nebula)* The < 3 keV width of the 400 keV 11m has been Invoked as 
evidence for a process of gamma ray amplification stimulated by annihilation 
radiation^* This Is an extremely novel and epeculatlve Inferencet om of 
aeveral that has been prompted by gamma ray transient studies, as we shall 
see* 

Another discovery In hlgh*-reaolutlon gamma ray spectroscopy suggests a 
more firm justification for neutron star origins for gamma ray transients* In 
this case, a long-lasting Intensity Increase (observed for 20 mlnutea both 
with a spectrometer and with an associated Instrument) was found to possess 
four spectral features or lines consistent with no dlscemable continuum 
radiation^. Although one line is exactly at the Mutron capture, deuteron 
formation energy of 2.18 to 2.26 MeV, the other three are at energies (0*41, 
1.79 and S.95 MeV) for which there are no obvious candidate isotopes* These 
three, however, are consistent with mutually similar redshlfts of 25 percent 
from the annihilation, the neutron capture and the 7*64 MeV ^^Pe lines* The 
realisation of this fact prompted an explsMtlon Invoking a blmodal source 
process with episodic accretion onto a neutron sttir, proving both for a 
variety of processes at the surface and for the observability of deuteron 
formation In a region In the accretion disk and the atmosphere of a companion 
star^^* The explanation may also appear apeculative, but the observations of 
several lines with similar, ~ 25 percent redshlft requirements does strengthen 
the implication of some kind of Mutron star origin process. The fact that no 
observations of other long-lived (• 20-mlnute) transients have been made makes 
this slow 1974 June 10 balloon event, by default, perhaps as observatlonally 
anomalous as Is the unusually 1979 March 5 event, to be outlined later* In 
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any case» tea axermaly uQuaual duration (ralatlaa to tha 0*1 to 30 aaeond 
burata) ahoaa that gaoaa ray tranalanta oay hava a wlda variaty of eharaetara 
and/or that Inatrunant aolaetlon af facta oay have operated In tha paat ao ae 
to pamlt the obaarvation of llnltad population aanplaa* 


RBCBNT SPECTRAL OBSERVATIONS 


During 1978, tha first Instruneuta float for the purpose of gamma ray 
burst spectroscopy ware launched on tha Soviet Venus'-encountar probes Venera-* 
11 and **12 and on the Interplanetary International Sun^Bavth Explorer-3 (ISEE- 
3)* The Veneras each carried scintillation gamma ray spectrometers providing 
spectral coverage with a moderate energy resolution sensitive up to ~ 1 MeV, 
and ISEE-3 carried a germanltn spectrometer with a hlgh-resolutlon capability 
sensitive to higher energies. The discovery that each made^^*^^ was the 
existence of a *• 420 keV line feature present In some gamma ray burst spectra 
although not In all. 18EB-3 observed the line In one of two late-1978 events 
before Instrument failure. The Veneras observed It In the same event and In 
several others In 1978-1979. At a FWHM of 50 to 100 keV, the feature. Is much 
wider than the ISEE-3 Instrument resolution; In the Venera scintillation data 
Its evidence in only one event might not be convincing. However, the 
existence of an increase at this particular energy, present in several burst 
events within a population that exhibit some diversity of spectral continuum 
shapes (given Its observation In one event with two instruments of such widely 
differing natures) provides much more convincing proof. Further, Its 
existence In the anomalous 1979 March 5 event to be discussed below, as 
well as the link to other gamma ray transient phenomena, mentioned earlier, 
now confirm the - 400 kaV line as a central feature In all known forms of 
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gmM ray traaaianta* Thare la probably a good*raaaoa for thla* naaalyt 
that gana ray borata can ba eharaetarliad \)f tha praaanea of annihilation 
radiation, dlatortad by tha aalf~abaorptlon proeasa and tha othar Intaractlona 
with Ita aadlua, prlaarlly eonpoaad of alaetron-poaltron palra ganaratlng and 
gana.atad by tha aana radiation, contained within tha Intanaa gravitational 
and nagnatlc field anvlronaent of neutron atara* Thla view haa boan 
developed^'* particularly for tha 1979 March 5 event. In the caaa of the nora 
'claaalcal* ginna ray burata, tha picture la conpllcatad by nuclear gamna ray 
llnaa algnlfylng tha exlatanca of procaaaea other than thoaa related to pair 
production and annihilation. The 1978 Novenber 19 burat (Figure 1) was alao 
found, with I8BB-3^2^ to contain a ~ 700 to 740 kaV feature (Figure 2) and a 
hard axtenalon of Ita > 1 MeV apectrun, conpatlbla with a alitllarly redahlfted 
flrat-a:;cltad Iron 847 keV line and with the vequlrad but unreaolved compoalte 
praaanea of tha other llnaa In the Iron aerlea^^. The Venera Inatrumenta 
provided evidence for the ~ 400 keV feature In aeveral other burata (Figure 3) 
during 1979^^ but were relatively Inaenaltlve In the energy region of the Iron 
aerlea, providing no additional evidence for thoae llnea. So other 
oanldlractlonal or tranalent apectroneter haa yet been flown to conflmi or 
extend theae obaervatlona. 

The noat recent dlacovery In gamna ray burat spectral studies la that of 
low energy (up to 65 keV) featurea that are entirely conalatent with Identi- 
fication aa cyclotron reaonance phenoaena^^. Theae featurea (Figure 4) were 
uncovered only In tha Vanera-11 and -12 obaarvatlons (due, unfortunately, to a 
lack of dlffarantlal raaolutlon below 100 keV in othar gamma ray burat aanaors 
then In operation). Thua, unlike the 400 keV line, they are unconfirmed with 
other Inatruaenta; and, like the 400 keV line, their exlatence In only one 
burat apectna would be relatively unconvincing. However, the facta that 
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their strengths very from event to event end within e given event ee e 
function of tine, provide greeter confidence In their existence* Perheps due 
to instruaentel selection effects, such thet these low-energy feetures cen be 
observed better in tho wesher bursts, Wherees the ~ 400 keV line cen be 
observed only In the stronger, or perheps due to en sctuel source effoct, only 
one genne rey burst wes found to conteln bo*'h phenoaene* Also, only one burst 
contelns en epperent enisslon line, while the ebeorption effect Is seen in e 
lerge number of esses. The interpretetlon es cyclotron ebsorptlon end 
enisslon feetures edds greetly to the neutron ster origin nodel for gesne rey 
bursts, since the ~ SO keV vslue fits the expected energy due to the essuned 
- 5 X 10^^ geuss magnetic field sssocleted with neutron sters> The vsrlety of 
hese features adds greatly to the potential of transient phenomena as a 
l aboratory for the study of basic processes taking place within extmely 
Intense fields* 

A more recent complicating development Is the detection with the Solar 
Maximum Mission (SMM) of a transient event arriving on 1980 April 19 from a 
sun-^ard direction and having a spectnn apparently containing a time-varying 
cyclotron resonance feature ^^* If this event Is cosmic In origin, there are 
two Independent coincidences: one between Its time of detection and that of a 

microwave event of assumed solar origin, and the other Its agreement In timing 
delay from the Sun's atmosphere between detections at a spacecraft orbiting 
Venus and at those near the Barth^^. (The use of absolute intensity 
comparisons at these locations, due to differing Instrument characteristics, 
has not yet resolved this uncertainty.) If the event la solar, as would 
appear probable, the cyclotron resonance phenoiaen.->n description cannot be 
used; thus, given the presence of the same features In cosmic bursts, one 
concludes that the cyclotron resonance Interpretation Is not necessarily the 
only possible one* 
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Event 

Date 

1976 

May 10-11 

1974 
June 11 

Burets 

1978-80 

1978 
Nov* 19 

1979 
March 5 

Bursts 

1978-80 


Table 1 

Evolution of Evidence for Neutron Star Origins 
of Gama Bay Transient fbenonena 


Transient 

Observed 



Type 

Features 

Interpretation 

Reference 

Several hour 

Narrow 400-keV 

0.511-MeV 


halloon-bome 

line, Crab nebula 

red-shifted 

7 

20-ninute in 

0.41, 1.79, 2.23 

0.511, 2.23, 7.64- 

8 

300 f,o,v. 

3.95-MeV lines 

HeV red-shifted 


'Classical ' 

~ 400 to ~ 450- 

0.511-MeV 

11 

gamma ray 

keV line feature 

red-shifted 


'Classical* 

420-keV and 

0.511, 0.847-MsV 

12 

gamma ray 

700-keV lines 

red-shifted 


• 

Anomalous 

400-keV line 

O.Sll-MeV 

13 

Transient 

on soft spectrum 

red-shifted 


Smaller 

25 to 65 keV 

Cyclotron 

16 

'Classical' 

features 

Besonances 
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DIRBCnORAL HBASURBNBirrS 

High ?r«eltlon dlraetlonal ttudlM of gcuu ray hurata bacaaa pooaibla 
with the eoaplatlon of tha Intarplanatary burat necxnrk, also In 1978* Thla 
renarkabla davalopaant la» In a aanaa, the largeat baaellna talaaeope In 
hlatory, tlalng wavafronta owar up to 1000 light- seconds In extant with a few 
nllllseconds of relative and absouite tlnlng accuracy* Its foraatlon has nade 
possible the definition of gams ray transient source fields to a precision of 
from several seconds of arc to minutes of arc( dependlT^ on chance spacecraft 
separations at the detection times* The network Is formed of a solar arbiter 
(Rellos-Z), two space probes (Veneras-11 and -12), a planetary mission 
(Pioneer Venus Orblter), an Interplanetary spacecraft at the Sun-Harth 
Lagranglan point (ISEE-3) and earth satellites (Prognos-7 and other contri- 
butors, such ds the HEAO-2 or the SMN)* The first two discoveries of this 
network were the position of the precise source field determination^ ° of the 
1979 March 5 event at the location of N49, a supernova remnant In the LMC 
(Figure 5), and the description of that event as a new phenomenon entirely 
unlike all other 'classical* gaima ray bursts^ ^* These topics will be treated 
separately, below* Source fields of several gamma ray burst events of the 
typical or 'classical* variety have, using the network, recently been 
localised with comparable accuracy; those of 1979 April 6^^, 1978 November 
19^3, November 24^'*, 1979 January 13^^ and April 18^^* All of these had In 
common the result that (despite the small source fields of slse down tr< and 
below 1 arc-mln^) there are no candidate source objects— although for 
differing reasons* In some cases, the source box Is sufficiently close to the 
galactic disk that many objects are contained so that optical source confusion 
Is totally unavoidable; in other cases, the box Is either entirely empty of 
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optically vlclbU objoetc (Fifuro 6) or oapty down to bottor than tba 18th 
•asatltoda (Figure 7). Nona of thaaa aourca flalda eontalna mitf 'candidate* 
aourca objacta aueh aa aupamova raananta or X-ray aalttara ?f any typa» 
Inelisding known pulaara or neutron atara* Ihla roault laavaa roue for the 
conclualon that tf nearby neutron atara are aaauMd to be the aoureea of all 
gaeea ray burata, both theae atara and their pooalble eoapaalona, if any» are 
fairly weak optically, and auat be lean luelnoua than main aaquanee M atara. 
Alao, if the 197: March 5 event la Interpreted to be a 'elaaaleal* event with 
only unuaual faaturea, Ita aourca la not M9 but an undetected neutron atar 
axat'.tly poaltloned in the line of eight (all optical objacta In the vicinity 
of the aourca field being, like N49, at the dlatance of the LNC^^). k 
alallarlty between the 1979 April 6 and March 5 evtnta wan exaalned^^ but 
found to be Inconclualve* 

An exciting poaalbillty haa recently preaented itaelf In a VLA atudy^^ of 
one hlgh-preclaion aourca region. Several weak radio aoureea are found to 
have a Seo X-1 like pattern and to be poaltloned In iiooalble aaaociatlon 
(Figure 8) with the 1978 Noveeber 19 aourca field, the flrat one to be accu- 
rately deteralned^^ that could be obaervable at the northern healaphere VLA 
location. Although the likelihood for randort radio aourca aaaociatlon la not 
aaall, two of thaaa aoureea are highly polarlaed, and are the only polarlaed 
aoi.reea In a very large acan area centered on thla burnt aourca. None of the 
varloua radio aoureea la coincident with any optical laage down to ah>ut the 
22nd aagnltude. The region bracketed by the two polarised aoureea, aeparated 
by 10 arc nlnutea, eontalna the burst field, n>y well aa two other non- 
polarised r^lo aoureea and a weak, uarglnally Identifiable X-ray source 
uncovered In a gueat Inveatlgatlon anarch with the RBAO-2 (Einstein 
Observatory) High Xeaolutlon laager of thla burst aourca locatlon^^. An 
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Msoeiatioa b«tiraM any two or aU thraa of tha gaan ray 1rarat» X*ray aoitrea 
and radio ooorea eatagotlaa way ba aeeldantal; forthar ioarebaa In othar gana 
ray burnt aourea flaldo will ba naeaaawy to aatabliab a pattam* At tha tiwa 
of writing, only two or thraa aura axiat that hawa daclinetiona parwitting 
thair obaaxwation with tha VLA* Although oora of thia eatagory am axpaetad, 
tha intarplanatary natwork haa not funetionad tinea aarly 1980 and tha total 
nuabar of aueh aourea fialda aay raaain aaall for ooaa tiaa* Howawar, tha 
detection of tlae variability or proper aotion in one or aavaral nay nake 
poaeible extreaely accurate (aub arc-aeeond) radio poait^ona that aay be the 
nieeing link between the ~ arc aln^ ganaa ray flaldo and actual aourea object 
ident if ieation* 


THE 1979 MARCH 5 EVENT 

The 1979 March 5 event haa been nentloned earlier in regard) to ita ~ 
400>keV apeetral feature^ ita precioe aourea location at the poaition of the 
N49 oupemova rennant^^ and ita phenomenological daacrlpticn ae diatlnct fron 
the *claaeical* gamma ray bureta^^* I have alwaya peraonally aalntalned that 
thle event la of a unique claaaiflcatlon and that Ito Identification with N49 
la not accidental^ Thua, the aeaumptlona that it la a irell-deflned gonna 
ray burat and that Ita origin direction at N49 la a coincidence amount to 
Ignoring new phyaice that wuld be potential In the Inveatlgatlon of the data 
at face value* The Initial reactlona to tha obeervatlona were to point out 
quite correctly that thia burat would not be viaible from N49, at a 55 kpc 
dlatanee at the Large Magellanic Cloud, aaauaing it to be fron a ateady atate 
Eddington-liaited accretion^ ^ and that a variety of conaidarationa of tha 
burat data and of tha X*ray data fron tha N49 remnant place aavare 
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rttqulreseats oi> any nodel^^* such as to ganarata pasalnlaa ragardlng R49 as 
source* During thasa 2 yaarst hoaavart although no exparlnantal or 
theoretical 'proof of N49 as source has been found, a rich variety of 
theoretical Investigations of the N49 source raqulrenenLs^''>3^»32,33,34 
surged* opinion Is that If a nodal can be devised that Is eoapatlbla with 
all the observations, with the N49 source distance and with a production 
process that Is entirely different from whatever would be the source modal for 
'classical* gamma ray bursts, this is a genuine discovery* In fact, the 
calculations are not only consistent with the mC source dlstance^***^^*^^ but, 
with a recent development, derive the value of that distance as a necessary 
result^^* In addition, a one~photon annihilation l*022-HeV line, redshlfted 
appropriately. Is predicted^ These calculations are reviewed In another 
presentation In this Symposlum^^, end I will not outline them here. At 
present. It may be too early to guarantee they are exactly correct. 

The data regarding the March 5 event are listed In Table 2 and the time 
history Is Illustrated in Figures 9, 10 and 11* The fact that it contains the 
first periodic feature found In bursts, at an 8 second period, helped the 
neutron star origin hypothesis^ although it has not yet been theoretically 
Investigated whether this Is a rotational, precesslonal or radial oscillation 
period. The rise time of less than 0.2 millisecond and the non<>random form of 
the temporal history are totally unique for gamma ray bursts^ suggestive of 
a differing origin process. Thus, linking this event to a neutron star 
process because of the 400-keV line feature (Figure 13) does not address the 
problem of the origin of 'classical' gamma ray butsts. 

Since there are no other identifiable events of similar shape and 
intensity In 10 years of monitoring, the question of the rarity of this event 
must be addressed for any source model* Consistent with an origin at N49 is 
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the aasiniptloii that soeh r.'enta could have a vlalble rate alnllar to that of 
aupemovae* Thus, one detection In 10 yesra of an event originating in the 
UfC is reasonable and about as probable as an event in our ofm galaxy* 

Another feature of the March 5 event Is the series of extremely weak events 
that trail It by days to weeks having source directions poorly defined but 
entirely consistent with Its source direction* (Only one other such series 
has been detected^ but with a source direction In the galactic plane 
consistent with a location In the disk at a distance of up to half that to the 
UfC* Was there an undetected primary March-5 like event for this series, 
anlsotroplcally emitted?) 

The most recent discovery to be included In this review Is that of the 
hlgh-preclsion March S event source field, derived from the final analysis of 
the results from the interplanetary nettrork^^ (Figure 13)* Ihe off-center 
location is of course compatible with a position at the surface of the remnant 
(since the line of sight component Is unknown)* This would imply a ~ 1000 
km/ sec velocity over 10,000 years assuming the central neutron star Is the 
parent object, catching up to Its own shell due to some unaccounted for, high 
momentum* Given the density of supernova remnants In the LHC, perhaps the 
burst source object Is not the N49 parent object* 


CONCLUDING REMARKS 


I have attempted to present this collection of exciting results with the 
conservative approach of maximum caution: perhaps a galactic disk distri- 

bution of 'classical* gamma ray bursts wDl not soon be found; perhaps 
repeated observations of a narrow 400-keV line from the Crab nebula, or of a 
slow transient containing only lines but no continuum will not soon be made; 
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perhaps there are other explanatloas for the klidca la the low-energp spectra 
of hursts; perhaps radio bouree aasoelatioaa will not soon link burst aoureea 
to identifiable objects; perhaps the Kerch 5 event did not originate at N49! 
The optlalatlc view— that these data isast surely represent only the surface of 
a rich new lode of astrophyslcal Infomatlon— prevails, however, overcoalng 
any pesslalsa yarding the observational results. Inconclusive as they nay 
yet appear. The first stage of theorising of gamna ray transients, following 
the gamia ray burst discovery involved, as you will recall, a sky-'l8**the-lliilt 
array of speculations^^. The present stage Is somewhat more specific with 
speculations and considerations regarding such diverse ideas as an annihi- 
lation radiation gas, -gravitational radiation, c 3 rclotron resonances, e'*‘/e~ 
single-photon annihilation, verification of the general equivalence 
prlnclple^^, amplification stimulated by annihilation radiation, and other 
considerations of electron-photon interactions and nuclear gamma ray 
production in the super-intense fields of neitron stars. Yet the actual, 
confirmed distances to, and intensities of, transient sources are still 
unknown. Surely in the near future %ie wixl be even more enlightened and 
entertained with the third stage. 
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T»bU 2 

List of the Obasrved Propsrtlss of 
the 1979 Hsreh 5 


Initial Intensity Peak 

Dlscernable hy factor >10*^ above all oanldlrectlonal backgrounds 
Peak flux > 2 x 10**^ erg ca“^ sec~^; > 10 x largest 'classical* event 
Onset tine constant of less than 200 oleroseconds 
Duration •> 120 milliseconds of Initial* high intensity portion 
Decay time constant « 35 milliseconds* for ^ 300 millisecond portion 
Spectnn more Intense < 100 keV relative to 'classical* events 
Spectral line feature at s 420 keV 

Direction localized to within N49 snr* ~ 40 arc seconds from center 
Flux equivalent to ^ S x lO**** erg sec**^ If omnidirectionally emitted 
from N49 

Transient to steady state X-ray flux ratio > 10^* Independent of 
source distance 

Subsequent, Oscillating Intensity Decay 

Oscillation period of 8.00 ^ 0.05 seconds 

Periodically repeating profile of compound* pulse/lnterpulse structure 
Average decay time constant " 50 seconds 

Spectrally featureless; steeper > 100 keV than In Initial peak 
Flux of decay portion < 2 x 10“^ erg cm”^ aec“^* < 10“^ that of peak 
Total output equivalent ^ 4 x 10'*'* erg* If omnidirectional emitted 
from N49 
Delayed Bursts 

Three weak events following initial event by ■ 0.60* 29.37 and 50.11 days 
Direction of one localized to «• 6® x 0.4^ error box containing 
March 5 source 

Peak fluxes ■ 3* 1* and 0.5 percent that of March 5 event* respectively 
Intensity profiles roughly 1 second* 0.1 and 0.2 second FWHM* respectively 
Spectrally similar to keV March 5 event < 100 keV* not resolvable > 100 keV 
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FI60KB CAPTIONS 


Figure 1* TWo tine hletoriea of the 1978 Novoiber 19 genua ray huret (of the 
■ore than twelve nade on varloua apacecraft) ahowlng the random temporal 
atructure in thla rapidly varying, Intenae event. 

Figure 2. Energy apectra of the 1978 November 4 and Novmber 19 burata 
meaaured with the ISBE^S hlgh^reaol ttlon (Intrlnalc germanium) gamma ray 
apectrometer* Evidence for a 420*-keV feature la much atronger In the 
November 19 event, which also exhlblta evidence for another line at ~ 700 
keV^^* These are Interpreted as the annihilation and f Irat-exclted nuclear 
Iron lines, similarly redshlfted from 511 and 847 keV. The Insert shows the 
second spectrum on a linear count rats scale. 

Figure 3. Selected energy spectra of bursts observed by the Leningrad group 
with Venera-11 and Venera-12 using scintillation counter spectrometers^^* 
(courtesy, E. P. Mazeta). Evidence exists In these bursts (1978 September 18, 
November 19, 1979, January 16 and April 18) for ~ 420 keV features; many other 
bursts show little or nothing In the way of departure from smooth continuum 
spectra. 

Figure 4. A sample of energy spectra of events observed by the Leningrad 
group (courtesy, E. P. Nazets), selected to Illustrate the diversity of low 
energy features^^. These bursts (1979 March 7, March 29, May 26, June 22 and 
November 1) show an apparent absorption feature, evolution In time, an 
emission feature, both low and high energy features, and, again, evolution In 
time, respectively. 

sr 
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Plgura S. The initial 1979 Kerch S source deteralnatlon^^, llluetretlng 
conpetablllty itlth the SttiHtmove reanant M49 located at a dlatence of ~ 55 kpc 
In the Large Magellanic Cloud* 

Figure 6. The source flv«»ld of the 1979 April 6 hurst (courtesy, J. G. Laros) 
as determined with the Interplanetary network22. There are no optical objects 
within the error box to a limiting magnitude of ~ 22*5* 

Figure 7. The source field of the 1978 November 19 burst as determined with 
the Interplanetary network^^. Only very weak point sources at ~ 18th 
magnitude are Included; as In the 1979 April 6 event, there Is no coincidence 
with known X-ray sources* 

Figure 8* The source field of the 1978 November 19 event^^, showing the 
presence of nonpolarized and polarized radio sources found with the VLA^^ In a 
study of this region* The polarized sources are the only such found In the 
square degree vicinity of the error box* A very weak X-ray source, found with 
the Einstein Observatory in a guest Investigation of this reglon^^ Is shown; 
no association of radio source with gamma ray source can be assumed until 
corroborative evidence Is found, such as an Intensity change or a proper 
motion* No optical sources are found at the positions of the radio sources* 

Figure 9* The overall time history of the unique 1979 March 5 event, as 
observed with ISEE-3^^, one of many Instruments to detect this Intense 
event* The Initial hlgh-lntenslty portion Is observed as a more than four 
order 9 - 0 f-magnltude Increase. The decay portion, tracked until the Instrument 
memory was filled, has about a one-minute time constant* 
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Figure 10. The high Intensity position of the 1979 March 5 event on expended 
tlae eealea^^, so as to llluatrate Ita ~ ISO-alllleeeond width and Its rlae to 
aaxlmun Intenalty In leaa than one ttllllsecond; the onset neaaureannt lapllea 
a tlae conetant of Intenalty inereaae of leas than 0.2 allliaeeonda. No other 
gaaaa ray transient hae been observed to have a rlae tlae shorter than several 
allliaeeonda » although a small fraction of catalogued events do consist of 
single Intensity increases of slallar durations. The Initial peak Is the aost 
intense (non-'solar) X-ray/ gaaaa ray transient ever observed. 

Figure 11. The first 22 cycles of the 1979 March 5 event, plotted on an 8.00- 
second per period basis, with the event onset chosen as sero of tlae, folded 
with an Increasing number of cycles per plot^^. The features are entirely 
stable In phase although varying somewhat In amplitude. No other gamma ray 
transient has shown clear evidence for periodicity in time. 

Figure 12. The spectrum of the 1979 March 5 event Intensity peak^^. Also 
shown Is the calculated form of the spectrum derived from considerations of 
synchrotron cooling and annihilation of electron-positron pairs In the Intense 
magnetic and gravitational fields of a neutron star^**. Both the line and 
continuum shapes appear to demonstrate a remarkably good fit. 

Figure 13. The precise source position of the 1979 March 5 transient derived 
from the final analysis of the observations made with the Interplanetary 
network^ plotted on the X-ray surface brightness contour map of the N49 and 
(N49) region, as observed with the Einstein Observatory^^. 
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